Background: Spontaneous preterm birth (sPTB) has a detrimental impact on perinatal outcome, as well as on the resources of health systems in high-income countries. Thus, the objective of the current study was to determine the incidence of modifiable risk factors in pregnancy and their impact on the rate of sPTB. Methods: All nulliparous pregnant women, in singleton pregnancies, with free medical and obstetric history, were eligible to participate in this study. The primary outcome of interest was the incidence of specific modifiable risk factors for sPTB. The correlations between these risk factors and sPTB were also investigated. Results: Overall, 2027 women were eligible for the study and agreed to participate. The incidence of sPTB was 4.9%; 25.5% (n = 518) of the participants were in extreme maternal age (<20 or >35 years), 34.5% (n = 701) had an abnormal body mass index (BMI) (<18.5 or ≥25 kg/m 2 ), 4.4% (n = 89) reported use of assisted reproductive technology (ART) and 10.9% (n = 220) reported themselves as smokers in pregnancy. In the multivariate analysis, sPTB was significantly correlated with ART conception [odds ratio (OR): 2.494, 95% confidence interval (CI): 1.196-5.199].
Introduction
Preterm birth (PTB) is defined as delivery that occurs before 37 weeks of gestation [1] . Neonates born preterm present with higher rates of mortality and morbidity compared to those born at term [2] . Furthermore, PTB is a risk factor for the development of chronic diseases later in life [3] . Overall, PTB rates in Europe range from 5.5 to 11.1%. The rate is less than 6% in Finland, Sweden, Ireland and Lithuania but more than 8.0% in Belgium, Scotland, Germany, Norway and the Netherlands [4] . A significant proportion of PTBs are medically indicated for maternal or fetal conditions. The rate of spontaneous PTB (sPTB) in Europe ranges between 2.8 and 4.8% [4] .
Several factors contribute to sPTB but the single most important known risk factor is previous history of PTB. Obviously, this excludes nulliparous women who unfortunately constitute the majority of PTB cases in most countries [5] . Maternal factors that have been correlated with an increased risk of sPTB include young or advanced maternal age, short interpregnancy interval, assisted reproductive technology (ART), abnormal body mass index (BMI), multiple pregnancy, smoking and infections [6, 7] . Some of these factors may be ameliorated with pre-pregnancy counseling and appropriate interventions [8] . However, little is known regarding the information that women are given pre-pregnancy regarding the increased risks associated with these modifiable factors and the possible interventions that may improve their chances of a favorable pregnancy outcome.
In fact, most of the research in recent years has focused on the early detection of women at high risk for PTB. Various scoring systems or algorithms have been proposed in order to identify women who are at the greatest risk [9] . However, for women who are found to be at high risk for sPTB, there is currently no effective treatment in the vast majority of cases. Cervical length, measured by different techniques, has been identified as one of the most accurate predictors for sPTB [10] . Thus, some women with a history of sPTB will benefit by elective first-trimester cervical cerclage [11] . Also, women identified using sonography with a short cervix at 18-24 weeks may benefit from vaginal progesterone [12] . Overall, these interventions have shown a statistically significant but unfortunately a clinically modest effect on the overall incidence of PTB and its associated burden on health systems, especially in high-income countries [13] .
In order to guide the policies for pre-pregnancy identification and management of women with modifiable risk factors, there is a need to estimate the prevalence of these risk factors and their effect on pregnancy outcome. To date, there are no studies that have recorded the incidence of modifiable risk factors early in pregnancy in low-risk nulliparous singleton pregnancies or the exact incidence of sPTB in this population in Greece. In fact, little is known on the possible effect of these factors in the incidence of sPTB in high-income countries in general. As sPTB represents a severe obstetric complication, the aim of this study was to determine the incidence of modifiable risk factors early in pregnancy and their possible impact on the rate of sPTB in nulliparous singleton pregnancies.
Materials and methods

Study design, setting and participants
A prospective study was designed in order to determine the incidence of modifiable risk factors, as well as their possible associations with sPTB in nulliparous women with singleton pregnancies. The study was conducted between September 2016 and July 2019 in the Third Academic Department of Obstetrics and Gynecology of the Aristotle University of Thessaloniki. This is a tertiary center which covers a population of more than 2 million in Northern Greece. Participants should be nulliparous in singleton pregnancies, with routine antenatal care in our department, while women were excluded if they developed complications (hypertensive disorders, placenta previa, placental abruption, gestational diabetes mellitus or fetal growth restriction), had history of second-trimester abortion or dilatation and curettage, and those who eventually underwent medically indicated preterm labor.
Variables and data sources
During the study period, a maternal-fetal medicine specialist consultant (TD) and a resident (IT) invited women to participate in the study. The participants' sociodemographic characteristics and obstetric data were recorded, and the pregnancies' outcomes were collected. The participants were grouped according to maternal age (<20, 20-35 or >35 years), BMI before pregnancy (underweight <18.5, normal 18.5-24.9 kg/m 2 and overweight-obese if ≥25.0 kg/m 2 ), method of conception (ART or spontaneous) and smoking during pregnancy (yes or no).
Statistical analysis
For the sample size calculation, a precision approach was performed, with an estimated sPTB incidence of 4%, as previously reported in the literature [4] . Consequently, it was indicated that there is sufficient precision if a minimum of 1454 women are included in the study with a 95% confidence interval (CI) and a 1.0% margin of error. Adding 15% to that sample, it was calculated that 1672 participants were needed.
Quantitative variables are represented as mean [standard deviation (SD)], while absolute (n) and relative (%) frequencies were calculated for qualitative variables. Univariate and multivariate logistic regression analyses were employed to identify factors that provided significant contribution in the prediction of sPTB.
The primary outcome of interest was sPTB, while maternal age, BMI, method of conception and smoking were the independent variables in the model. Thus, odds ratios (ORs) and 95% CIs were calculated. The cut-off for significance was assumed at 5%. The statistical package SPSS v. 25 .0 (IBM, Armonk, NY, USA) was used for data analyses.
Ethical consideration
The research related to human use has complied with all the relevant national regulations, institutional policies and is in accordance with the tenets of the Helsinki Declaration, and has been approved by the Ethics Committee of the Aristotle University of Thessaloniki. The investigators responsible for the recruitment of the sample (TD and IT) informed all the participants about the objectives of the study. A comprehensive information leaflet was also given to the participants, while informed consent was necessary for participation in the study. No incentives were provided to the women for contributing to the survey.
Results
In total, 2150 women who fulfilled the inclusion criteria were approached and of those, 2027 (94.3%) agreed to participate in the study. The incidence of sPTB was 4.9% (n = 99) in the study sample, the mean maternal age of the participants was 31.5 (±4.9) years, while 25.5% (n = 518) were in extreme maternal age (<20 or >35 years).
More specifically, 1.2% (n = 25) were less than 20, while 24.3% (n = 493) were more than 35 years old. The mean BMI before pregnancy was 24.0 (±4.4) kg/m 2 with 34.5% (n = 701) identified as starting the pregnancy with an abnormal BMI (<18.5 or ≥25.0 kg/m 2 ). Moreover, 4.0% (n = 82) started pregnancy as underweight and 30.5% (n = 619) as overweight/obese. In addition, 4.4% (n = 89) of the women reported ART and 10.9% (n = 220) reported themselves as smokers in pregnancy (Table 1 ). Of note, 1212 women (59.8%) gave up smoking as soon as their pregnancy was confirmed.
None of the following variables were significantly associated with sPTB in the univariate model: extreme maternal age, abnormal BMI before pregnancy and smoking during pregnancy. Only ART was statistically associated with sPTB in the univariate analysis. In addition, ART was identified as an independent risk factor for sPTB through the multivariate logistic regression model. Hence, the sPTB rate was significantly higher among women who had conceived through ART (OR: 2.494, 95% CI: 1.196-5.199) (Table 2, Figure 1 ).
Discussion
This study has shown that the incidence of sPTB in nulliparous, low-risk women with singleton pregnancies, in a high-income country is about 5%. None of the potentially modifiable risk factors that were investigated in this study, namely abnormal BMI, smoking or extreme maternal age, were associated with the rate of sPTB; however, the use of ART increased two-fold the rate of sPTB.
To the best of our knowledge, this is the first study ever conducted to identify the incidence and association of potential modifiable risk factors and sPTB in this category of pregnant women; therefore, it can bring an important contribution to the understanding of preterm labor. Overall, almost 5% of the pregnant women had a sPTB; this result is in accordance with that reported in other European countries [4] . Possible methodological differences between studies and different study populations ART, assisted reproductive technology; BMI, body mass index. may contribute to minor differences in the incidence of this severe obstetric complication. It is of great interest that of the factors that were analyzed, only ART was identified as a risk factor for sPTB in our population. As already mentioned, the study population consisted of nulliparous women, in otherwise low-risk uncomplicated pregnancies. Thus, the results of this study may provide new insight into the underlying mechanisms to the pathophysiology of spontaneous preterm labor. In our study, ART was reported in more than 4% of the sample population. This proportion is comparable to that reported in other European countries (e.g. Belgium 4.6%, Iceland 3.6%) and probably reflects the European trend in ART [14] . In addition, ART was identified as an independent risk factor for sPTB. Women who conceived through ART were 2 times more likely to have sPTB than those who reported a spontaneous conception. Our results are in agreement with data from a meta-analysis of 15 cohort studies which also found that ART almost doubled the risk of sPTB [15] . Since the widespread use of ART in highincome countries and the associated increase in multiple pregnancies, the rates of PTB have increased for these populations [4] . However, in our sample only singleton pregnancies were included. Thus, specific characteristics of the infertile population or the type of the provided fertility treatment may have increased the risk of sPTB [16] . Other theories include mild abnormalities of placental function or chronic placental inflammation as possible risk factors for sPTB in ART pregnancies, as those women are at higher risk for placental insufficiency [17, 18] .
Of note, the mean maternal age in our study was 31.5 years and about one out of four women belonged to the group of maternal age extremes, mostly women aged >35 years (24.3%). In fact, fertility statistics from Eurostat have shown that Germany, Greece, Spain, Italy, Cyprus, Luxembourg, Austria, Portugal and Finland, as well as Switzerland recorded a higher-than-average mean age of women at the birth of their first child than the EU-28 average (29.1 years) [19] . Moreover, Italy is the country with the highest mean maternal age at birth of the first child (31.1 years), whereas in Bulgaria the mean maternal age at the birth of the first child is the lowest in Europe (26.1 years) [19] . In addition, several studies have highlighted the impact of maternal age extremes on the incidence of sPTB; however, no such correlation was identified in our sample population [20, 21] .
Another finding of the current study was that more than one out of three women started their pregnancy with an abnormal BMI; the mean BMI before pregnancy was 24.0 kg/m 2 . Our results are lower than those reported in the published literature: the proportion of women of reproductive age with BMI ≥ 25 kg/m 2 has been estimated to be up to 60% (30.5% in our sample), while that of BMI ≥ 30 kg/m 2 can be as high as 34% in high-income countries [22] . This obesity epidemic is directly linked to hypertensive disorders of pregnancy, gestational diabetes mellitus, fetal macrosomia and sPTB [23] . On the other hand, a maternal underweight rate of 4.3% has been reported in European pregnant women [24] . This is in accordance with our results (4.0%). It has been reported Spontaneous ART that underweight women have higher rates of sPTB and delivery of low-birth-weight neonates compared to those with normal BMI [25] . However, no significant association was found between abnormal BMI and risk of sPTB in our population.
Method of conception
Another important modifiable risk factor that was studied was smoking in pregnancy. More than 10% of the participants reported themselves as active smokers during pregnancy. In fact, this proportion is lower than that reported in another study from Greece, but the latter was conducted in an unselected pregnant population and in fact, in that study, multiparous women were more likely to continue smoking in pregnancy [26] . The detrimental effect of smoking on pregnancy outcome is well studied and among others, active smoking almost doubles the odds of sPTB [27] . However, no such correlation was identified in our study, in this specific population. This may partly be explained by the fact that less than 10% of women reported themselves as heavy smokers (>20 cigarettes per day).
This study has some limitations. First, it was limited to a specific population of nulliparous pregnant women in singleton low-risk pregnancies, but that was the design of the study. A further limitation is that the self-reported medical and obstetric data may lead to recall bias, mostly regarding the exact pre-pregnancy weight. Finally, the study was limited to participants from a single Academic Department of Obstetrics and Gynecology, but this covers a large population and the study involved a large sample size, so it is expected that the results most likely can be generalized to the Greek population.
To conclude, pregnancy in the extremes of reproductive age, abnormal pre-pregnancy BMI and smoking are well-established and significant determinants of pregnancy outcome in high-income countries. Their high incidence in Europe should alert health policy makers in order to increase interventions in the pre-pregnancy population. Increasing awareness and informing on potential interventions may, in the long term, reduce the incidence of pregnancy complications and associated economic burden for health systems. However, the impact of these three risk factors on the incidence of sPTB may not be as severe as previously thought in nulliparous women in low-risk singleton pregnancies. A possible explanation is that the association of these risk factors with preterm labor may be mostly exerted through ischemic placental disease and medically indicated PTB, a condition that was excluded from our initial sample. In addition, it was shown that the use of ART in nulliparous women is associated with a more than two-fold increase in sPTB. More research is needed to investigate, first, the pathophysiology of sPTB in low-risk nulliparous women in singleton pregnancies and, second, the pathophysiology behind the effect of ART, so that these technologies may become safer in future.
